BACKGROUND: Women with a history of hypertensive disease of pregnancy have increased risks for early mortality from multiple causes. The effect of recurrent hypertensive disease of pregnancy on mortality risk and life expectancy is unknown. OBJECTIVE: We sought to determine whether recurrent hypertensive disease of pregnancy is associated with increased mortality risks. STUDY DESIGN: In this retrospective cohort study, we used birth certificate data to determine the number of pregnancies affected by hypertensive disease of pregnancy for each woman delivering in Utah from 1939 through 2012. We assigned women to 1 of 3 groups based on number of affected pregnancies: 0, 1, or !2. Exposed women had !1 affected singleton pregnancy and lived in Utah for !1 year postpartum. Exposed women were matched 1:2 to unexposed women by age, year of childbirth, and parity. Underlying cause of death was determined from death certificates. Mortality risks by underlying cause of death were compared between exposed and unexposed women as a function of number of affected pregnancies. Cox regressions controlled for infant sex, gestational age, parental education, ethnicity, and marital status. RESULTS: We identified 57,384 women with !1 affected pregnancy (49,598 women with 1 affected pregnancy and 7786 women with !2 affected pregnancies). These women were matched to 114,768 unexposed women. As of 2016, 11,894 women were deceased: 4722 (8.2%) exposed and 7172 (6.3%) unexposed. Women with !2 affected pregnancies had increased mortality from all causes (adjusted hazard ratio, 2.04; 95% confidence interval, 1.76e2.36), diabetes (adjusted hazard ratio, 4.33; 95% confidence interval, 2.21e8.47), ischemic heart disease (adjusted hazard ratio, 3.30; 95% confidence interval, 2.02e5.40), and stroke (adjusted hazard ratio, 5.10; 95% confidence interval, 2.62e9.92). For women whose index pregnancy delivered from 1939 through 1959 (n ¼ 10,488), those with !2 affected pregnancies had shorter additional life expectancies than mothers who had only 1 or 0 hypertensive pregnancies (48.92 vs 51.91 vs 55.48 years, respectively). CONCLUSION: Hypertensive diseases of pregnancy are associated with excess risks for early all-cause mortality and some causespecific mortality, and these risks increase further with recurrent disease.
Introduction
Certain medical complications of pregnancy are associated with the later development of chronic diseases. [1] [2] [3] [4] [5] [6] In particular, hypertensive disease of pregnancy is associated with subsequent chronic cardiovascular disease. [7] [8] [9] Several studies have now demonstrated the association between a history of hypertensive disease of pregnancy and subsequent early mortality from cardiovascular and other causes. [10] [11] [12] Although previous studies have examined the effect of recurrent preeclampsia on subsequent cardiovascular morbidity and mortality, 13, 14 there are currently no available data regarding the effect of recurrent pregnancies complicated by any hypertensive disease of pregnancy on subsequent all-cause mortality in a US cohort. To address this knowledge gap, we examined whether women with recurrent hypertensive disease of pregnancy have increased risk for early mortality and shorter life spans compared to women with either 0 affected pregnancies or only 1 affected pregnancy.
Materials and Methods

Data source
We used the Utah Population Database to identify a retrospective cohort of women who gave birth from 1939 through 2012. The Utah Population Database has been previously described in detail. 15, 16 It consists of linked records pertaining to >9 million people, and includes genealogy records from the Genealogical Society of Utah, official statewide birth and death records, and hospital discharge and ambulatory surgery records from the Utah State Department of Health. Its population is representative of a broad spectrum of the Caucasian US population. 17 Study approvals were obtained from the Resource for Genetic and Epidemiologic Research, a special review panel authorizing access to the Utah Population Database, as well as the University of Utah Institutional Review Board.
Inclusion criteria
Women were included if they had at least 1 singleton pregnancy with birth certificate data during the study period and lived in Utah for at least 1 year following delivery. Using birth certificate data, we assigned a diagnosis of hypertensive disease of pregnancy to each affected pregnancy. Hypertensive disease diagnoses included gestational hypertension, preeclampsia, HELLP syndrome, and eclampsia, and were assigned as listed on the birth certificate for the Original Research ajog.org affected pregnancy. When available, we used inpatient records from the time of delivery to confirm hypertensive diagnoses. We then determined the number of affected pregnancies for each woman, and assigned women to 1 of 3 categories: no affected pregnancies, 1 affected pregnancy, or !2 affected pregnancies.
Exposure of interest
Exposed women had at least 1 singleton pregnancy complicated by hypertensive disease of pregnancy. The index exposed pregnancy was defined as the most severely affected pregnancy in the Utah Population Database, with diagnoses ranked from least to most severe as follows: gestational hypertension, preeclampsia, HELLP syndrome, eclampsia. If 2 pregnancies were affected equally, then the earliest pregnancy was used. Exposed women were excluded if they had missing data on a key variable that would preclude matching or if they had documented medical comorbidities at the time of their pregnancy (chronic hypertension, antiphospholipid syndrome, pregestational diabetes, and chronic kidney disease). We also excluded exposed women who died within 1 year of delivery to assess the risk of long-term mortality as opposed to maternal mortality.
Unexposed women had pregnancies during the study period, but none were complicated by hypertensive disease of pregnancy. These unexposed women were excluded if they were missing data on a key variable that would preclude matching, if they died within 1 year of delivery, or if the birth or fetal death certificate listed a history of pregnancy complicated by hypertensive disease.
Matching
Exposed women were matched 1:2 to unexposed women by 5-year age groups, year of childbirth (within 1 year), and parity (1, 2, 3, 4, !5) at the time of the index pregnancy.
Outcome of interest
Our primary outcome of interest was mortality. The date of death was determined using the Utah Population Database genealogies, Utah death certificates, or the Social Security Death Index. Importantly, the Social Security Death Index is a national database, which allowed us to identify deaths that occurred in Utah or elsewhere. The underlying cause of death was determined from Utah death certificates based on the International Classification of Diseases version used at the time of death and summarized into broad cause of death categories.
Adjustment for confounders
In addition to the matching criteria, several confounders were included in the Cox models to generate hazard ratios for mortality among women with a history of hypertensive disease of pregnancy. These included infant sex, gestational age at delivery, parental education, maternal race/ethnicity, and maternal marital status. Infant sex was included as a potential confounder because of the known association between male fetal sex and maternal preeclampsia. 18 Gestational age at delivery was included as a potential confounder because of the association between a history of preterm birth and adverse long-term maternal health outcomes, 19, 20 but this did not distinguish between spontaneous and iatrogenic preterm births.
Statistical methods
Cause-specific mortality risks were estimated based on comparisons between the number of affected pregnancies, using stratified Cox models to incorporate matching into the analysis. The time axis was years since index birth, and the number of affected pregnancies was defined at the subject level. Unadjusted and adjusted hazard ratios (aHR) and 95% confidence intervals (CI) were calculated for all-cause and causespecific mortality. The broad categories of causes of death were derived by the National Center for Health Statistics, which has implemented a standard broad classification of causes of death. 14 These categories (and their International Classification of Diseases, Ninth Revision codes) include infectious diseases (001-139), neoplasms (140-239), endocrine/nutritional/metabolic diseases (240-279), diseases of blood and blood-forming organs (280-289), mental disorders (290-319), nervous system disorders (320-389), circulatory system disease (390-459), respiratory system disease (460-519), digestive system disease (520-579), genitourinary disease (580-629), musculoskeletal and connective tissue disease (710-739), illdefined diseases (780-799), and external causes (E800-E999).
We then compared mortality risk by underlying cause of death among women with 1 affected pregnancy or !2 affected pregnancies vs matched women with no affected pregnancies for deaths occurring 50 years of age and deaths occurring >50 years of age. aHR were calculated for each cause of mortality, as well as the P value for the difference in mortality risk between the 2 age groups.
Finally, we performed a companion analysis using life table methods to determine the difference in additional AJOG at a Glance Why was this study conducted? To determine whether women with recurrent hypertensive disease of pregnancy have increased mortality risks.
Key findings
Recurrent hypertensive disease is strongly associated with increased mortality from diabetes, heart disease, and stroke, and women with recurrent disease had shorter life expectancy compared to women with 0 or 1 affected pregnancy.
What does this add to what is known?
This study shows that women with recurrent hypertensive disease have higher risk for adverse long-term health outcomes than women without hypertensive disease of pregnancy or with only 1 affected pregnancy.
Original Research OBSTETRICS ajog.org life expectancy in years for women with 0, 1, or !2 affected pregnancies. Life table analysis accounts for the number of deaths occurring at each age among persons surviving to that age. This is the basis for determining the probabilities of survival to any age. Starting with maternal age at the time of the index pregnancy, remaining life expectancy at each subsequent age x (called e x ) is also calculated. In our study, this life table analysis was performed only for women who delivered their index pregnancy during the years 1939 through 1959 to maximize the length of follow-up and the ability to observe adult deaths at mid-life or later.
We included all women identified with a diagnosis of hypertensive disease of pregnancy during the study period that met our inclusion criteria. Hypothesis tests were based on a type I error of <0.05. Statistical analyses were performed using software (SAS, Version 9.4; SAS Institute Inc, Cary, NC).
Results
We identified 932,788 women who had !1 singleton births from 1939 through 2012. Within this group, 62,489 women had at least 1 pregnancy complicated by hypertensive disease. After excluding 5103 women, we included 57,384 exposed women in our analysis (49,598 women with 1 affected pregnancy and 7786 women with !2 affected pregnancies). These affected pregnancies included 27,546 cases of gestational hypertension, 27,818 cases of preeclampsia, 884 cases of HELLP syndrome, and 1136 cases of eclampsia. These exposed women were matched to 114,768 unexposed women with no history of hypertensive disease in any pregnancies in the Utah Population Database. Baseline characteristics of exposed and unexposed women are reported in the Table. Exposed women were significantly more likely to deliver at an earlier gestational age, to deliver a neonate with lower birthweight, to have lower maternal and paternal Nam-Powers socioeconomic scores (a census-derived score relating to occupation 21 ), and to have fewer years of maternal education.
As of 2015, 11,894 women were deceased: 4722 (8.2%) exposed and 7172 (6.3%) unexposed. Figure 1 is a forest plot illustrating the aHRs and 95% CI for mortality from several causes for women with 1 affected pregnancy (represented by blue dots) and !2 affected pregnancies (represented by orange dots) compared to matched women with no affected pregnancies. In relation to matched women with no affected pregnancies, the aHRs for mortality for women with !2 affected pregnancies were significantly higher than those for women with 1 affected pregnancy for deaths from all causes (aHR 2.04 vs 1.62, P < .01); infectious disease (aHR 4.86 vs 1.92, P < .01); endocrine, nutritional, and metabolic disease (aHR 4.19 vs 2.76, P <.01); circulatory disease (aHR 3.41 vs 1.93, P < .01); digestive disease (aHR In addition to these broader causes of mortality, we assessed whether women with recurrent hypertensive disease of pregnancy had increased risks for several important subsets of cause-specific mortality, which were chosen based on previously published findings.
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Compared to matched women with no affected pregnancies, we found that women with !2 affected pregnancies had increased risks of mortality from diabetes (aHR, 4.33; 95% CI, 2.21e8.47), ischemic heart disease (aHR, 3.30; 95% CI, 2.02e5.40), and stroke (aHR, 5.10; 95% CI, 2.62e9.92). Again, in relation to matched women with no affected pregnancies, the aHRs for mortality for women with !2 affected pregnancies were significantly higher than those for women with 1 affected pregnancy for deaths from diabetes (aHR 4.33 vs 3.04, P < .01), ischemic heart disease (aHR 3.30 vs 2.08, P < .05), and stroke (aHR 5.10 vs 1.86, P < .01).
When we compared mortality risk by primary cause of death for deaths occurring at age 50 years vs age >50 years, we found that the association between hypertensive disease of pregnancy and mortality from each cause of death was significant only for deaths occurring 50 years of age (Figure 2) , with the exception of deaths from stroke among women with !2 pregnancies complicated by hypertensive disease of pregnancy.
In our analyses using life table methods, for women in this sample whose index pregnancy delivered from 1939 through 1959 (n ¼ 10,488), we found a trend toward shorter life expectancy with increasing number of affected pregnancies. For example, within the first decade following the index pregnancy, the life expectancy for women with !2 pregnancies complicated by hypertensive disease of pregnancy was 48.92 years, while mothers with only 1 affected pregnancy had a life expectancy of 51.91 years and mothers with no affected pregnancies had a life expectancy of 55.48 years.
Comment
We found that recurrent hypertensive disease of pregnancy is associated with increased risks for early all-cause and some cause-specific mortality. This association is significant for deaths occurring at age 50 years. Our findings are consistent with those published General mortality risk by number of hypertensive pregnancies Adjusted hazard rate ratios and 95% confidence intervals for association between number of pregnancies complicated by hypertensive disease of pregnancy and general causes of mortality. 
FIGURE 2
Early mortality risk by number of hypertensive pregnancies Adjusted hazard rate ratios and 95% confidence intervals for association between number of pregnancies complicated by hypertensive disease of pregnancy and deaths occurring A, 50 or B, >50 years of age. Original Research OBSTETRICS ajog.org regarding the association between recurrent preeclampsia and subsequent early-onset cardiovascular morbidity.
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This is important because many women with recurrent hypertensive disease of pregnancy may not begin screening for the chronic diseases underlying many of these causes of death (hypertension, diabetes, and dyslipidemia) until age 45-50 years, thereby missing an opportunity to intervene and potentially improve outcomes. The American Congress of Obstetricians and Gynecologists and the American Heart Association both acknowledge hypertensive disease of pregnancy as a significant risk factor for early-onset cardiovascular disease in women, but there are insufficient data available at this time to determine when and how screening and intervention should be undertaken. 23, 24 Strengths of our study include our large population-based sample and retrospective design, which allowed us to examine the association between the exposure of interest and mortality in many women over many years. Our retrospective design is also a limitation, as there is the potential for selection bias and residual confounding. Obesity, substance use, and the development of chronic hypertension following pregnancy are important potential confounders for which we could not adjust due to lack of available data during the decades of follow-up within the Utah Population Database. The association between hypertensive disease of pregnancy and mortality from some causes that are not intuitively related (eg, gastrointestinal disease) may be representative of unmeasured confounding to some degree; however, hypertensive disease of pregnancy is a systemic process with well-known end-organ effects on the gastrointestinal tract (specifically, the liver), so we would not readily dismiss this association. Additionally, because our study period encompassed a long period of time, historical risks may not reflect current risks in the setting of contemporary medical practices.
Our use of birth certificate data constitutes another limitation of our study. To confirm birth certificate diagnoses and to limit inconsistencies between providers over time in assigning maternal diagnoses of hypertensive disease of pregnancy, we used inpatient records when available; however, we would expect that any residual misclassification of hypertensive diagnoses should trend our results toward the null. As a result, we may have underestimated the magnitude of our positive findings, rather than erroneously rejecting the null hypothesis. Similarly, it is possible that women may have had pregnancies outside the state of Utah, and these pregnancies may have been complicated by hypertensive disease. We attempted to minimize this limitation by excluding women with prior hypertensive disease listed on the birth certificate, but we cannot exclude the possibility that women may have had subsequent affected pregnancies after leaving Utah. Such an error would make our exposure groups more similar, increasing the potential for type II (but not type I) error.
Additionally, our study population was limited to women with at least 1 viable pregnancy while residing in Utah, a population that remains predominantly Caucasian and nonobese. 25, 26 This limits the generalizability of our findings.
Despite these limitations, our study constitutes a meaningful contribution to the literature on long-term health outcomes among US women following hypertensive disease of pregnancy. While obstetricians are making great strides in the prevention of immediate maternal morbidity and mortality related to hypertensive disease of pregnancy with a focus on safety bundles and treatment algorithms, there may be additional opportunities to improve women's longterm health in the months and years following pregnancy. We still do not know whether the association between hypertensive disease of pregnancy and subsequent mortality reflects a causal relationship or an underlying predisposition to chronic disease that is unmasked during pregnancy; regardless, we have identified an at-risk population of women who may benefit from early screening and intervention for chronic diseases to prevent early mortality. 7 Prospective studies are needed to determine whether adjusted health screening schedules may be beneficial in this population.
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